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Mid-rapidity transverse mass spectra and multiplicity densities of charged and neutral kaons
are reported for Au+Au collisions at

√
s
NN

=130 GeV at RHIC. The spectra are exponential in
transverse mass, with an inverse slope of about 280 MeV in central collisions. The multiplicity
densities for these particles scale with the negative hadron pseudo-rapidity density. The charged
kaon to pion ratios are K+/π− = 0.161 ± 0.002(stat) ± 0.024(syst) and K−/π− = 0.146 ±
0.002(stat) ± 0.022(syst) for the most central collisions. The K+/π− ratio is lower than the
same ratio observed at the SPS while the K−/π− is higher than the SPS result. Both ratios
are enhanced by about 50% relative to p+p and p+p collision data at similar energies.

PACS numbers: 25.75.-q, 25.75.Dw

Lattice QCD predicts that at sufficiently high en-
ergy density, matter will be in a state of deconfined
quarks and gluons [1]. It has been suggested that
strangeness production is a sensitive probe of a decon-
fined state: for example, strangeness production may
be enhanced by the fast and energetically favorable pro-
cess of gluon-gluon fusion into strange quark-antiquark
pairs [2]. Hadronic mechanisms, on the other hand, may
also enhance strangeness production [3]. A systematic in-
vestigation of strangeness production is therefore needed
to understand different production mechanisms.

Strangeness production has been studied in heavy-ion
collisions at both the AGS [4–6] and the SPS [7–9]. A
significant enhancement was observed for the K+ yield
per pion when compared to p+p interactions at similar
energies, while only a modest enhancement was observed
for the K− yield per pion.

In this letter, we report measurements by the STAR
experiment at RHIC on charged and neutral kaon pro-

duction. The measurements were made at mid-rapidity
in Au+Au collisions at a nucleon-nucleon center-of-mass
energy of

√
s
NN

=130 GeV. The measurements were car-
ried out during the summer of 2000 and details of the
STAR experiment are described elsewhere [10–12]. The
primary tracking device in the experiment is a Time Pro-
jection Chamber (TPC). It sits in a magnetic field of 0.25
Tesla. Tracks were reconstructed from three-dimensional
hits measured in the TPC and the primary vertex of the
interaction was found by fitting the reconstructed tracks
to a common point of orgin. Corrections were made for
the energy loss of the charged kaons in the detector ma-
terial. The momentum resolution was found to have neg-
ligible effect on the kaon spectra and so no correction was
applied.

Two methods were used to identify the kaons:
(I) The Energy loss method (dE/dx): Particle iden-

tification was done by measuring the mean specific en-
ergy lost by the charged particles, 〈dE/dx〉, in the TPC
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FIG. 1: Invariant yields for K+, K− and K0
S versus m⊥. In figure (a) K+ and (b) K−, the kaons are identified by

the dE/dx method (|y| < 0.1) and by the Kink method (|y| < 0.5). In figure (c) the K0
S is identified by the K0

S

method (|y| < 0.5) and the (K+ + K−)/2 is from the Kink analysis. The data are plotted in order of decreasing
centrality from top to bottom. See Table I. The most central collision spectrum is shown full scale; the other spectra
are divided by 2,4,8,16,32,64, and 64 for display purposes. The error bars are uncorrelated random errors. See text
for a description of the systematic errors. The solid lines are m⊥ exponential fits to the K+, K−, and K0

S spectra,
respectively.

gas. The 〈dE/dx〉 resolution was approximately 11%.
The tracks were required to come from within 3 cm of
the primary vertex and every track had at least 25 hits,
out of 45 possible hits, on the TPC pad plane. Us-
ing a method that is described in [12], the distribution
in ln[〈dE/dx〉/〈dE/dx〉BB ] (where 〈dE/dx〉BB is the ex-
pected Bethe-Bloch value) was fit by a sum of four Gaus-
sians corresponding to π±, K±, e±, and p (p). The fit
was done for each centrality and transverse momentum
(p⊥) bin. The raw kaon yield was extracted from the
fit parameters. In the range where the kaons are well
separated from other species, p⊥

<
∼ 0.5 GeV/c, we esti-

mate a point-to-point systematic error of 5% on the ex-
tracted kaon yields. In the range where the kaons and
the e± overlap in 〈dE/dx〉, 0.5 <

∼ p⊥
<
∼ 0.7 GeV/c, we pa-

rameterized the e± yield using data from lower p⊥ and
Monte Carlo (MC) simulations and estimate the system-
atic errors to range from 10% to 20%. In the region
where the kaons significantly merge with the pions in
〈dE/dx〉, 0.7 <

∼ p⊥
<
∼ 0.8 GeV/c, we neglect the e± contri-

bution and estimate the systematic errors to be on the
order of 15% [13].

(II) The Decay topology method (Kink and K0
S):

Charged kaons can be identified topologically via their
one-prong, ‘kink’, decays (e.g. K → µν, K → ππ0) [14,
15]. The parent kaon and charged daughter tracks are
used to determine the decay kinematics. The decay posi-
tion was restricted by a fiducial cut inside the volume
of the TPC to improve the signal to background ra-

tio. Background sources include charged pion decays,
hadronic interactions in the TPC gas, and combinatorics.
A momentum dependent decay angle cut was used to
eliminate essentially all pion decays because they have a
much smaller decay angle. A remaining background of
the order of 15% is corrected for in the kaon spectra [15].

Neutral kaons were reconstructed via their decay
K0

S → π+π−. A pair of oppositely charged tracks formed
a K0

S decay-candidate if their distance of closest approach
to each other was less than 1 cm. The majority of the
combinatorial background was eliminated by requiring
that the daughter tracks miss the primary vertex by at
least 1.5 cm, and the decay vertex had to be separated
from the primary vertex by more than 6 cm [16]. A cut
on the 〈dE/dx〉 of the daughters was also applied to re-
move a majority of the contribution from Λ → pπ− and
Λ → pπ+ decays.

In all cases, the primary vertex was restricted to a
limited longitudinal range near the center of the TPC.
The event centrality was determined off-line and is based
on measured charged particle multiplicities in the TPC.
A correction factor was applied to account for losses
due to limited acceptance, decay, tracking inefficiency,
and hadronic interactions. The overall efficiency (ε), in-
cluding all these effects, was obtained from a full MC
simulation by embedding MC tracks into real events on
the raw data level. For the most central collisions, the
dE/dx method yielded ε ' 20% at p⊥=0.2 GeV/c and
60% at 0.7 GeV/c. For the Kink method, ε ' 1.5% at
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TABLE I: Mid-rapidity kaon multiplicity densities (dN/dy) and m⊥ exponential inverse slopes (T in MeV) as a
function of negative hadron multiplicity within |η| < 0.5 (dNh−/dη). Quoted errors are uncorrelated errors (first) and
correlated systematic errors (second). See text for details. Systematic error on dNh−/dη is 7%.

Centrality dNh− K+ K− K0
S

bin dη dN/dy T dN/dy T dN/dy T

58-85% 17.9 2.46±0.07±0.32 241±7±19 2.32±0.06±0.30 238±7±19 1.82±0.04±0.27 253±4±15
45-58% 47.3 7.23±0.18±0.95 242±6±19 6.48±0.17±0.84 257±7±21 5.40±0.10±0.81 268±3±16
34-45% 78.9 11.8±0.3±1.5 265±6±21 10.4±0.2±1.4 250±6±20 9.57±0.17±1.4 274±3±16
26-34% 115. 17.2±0.4±2.3 281±7±22 15.5±0.4±2.0 268±7±21 14.0±0.2±2.1 273±3±16
18-26% 154. 23.1±0.5±3.0 275±7±22 20.8±0.5±2.7 271±7±22 18.8±0.3±2.8 287±3±17
11-18% 196. 28.8±0.7±3.8 269±6±22 26.4±0.6±3.4 274±7±22 23.3±0.4±3.5 287±3±17
6-11% 236. 38.0±0.6±5.0 284±4±23 34.5±0.5±4.5 283±4±23 31.4±0.5±4.7 277±3±17
0-6% 290. 46.2±0.6±6.1 277±4±22 41.9±0.6±5.4 277±4±22 36.7±0.6±5.5 285±3±17

p⊥=1 GeV/c and 0.6% at 2 GeV/c. For the K0
S method,

ε ' 4.5% at p⊥=1 GeV/c and 7% at 2 GeV/c. The
efficiency increases with decreasing event multiplicity by
about 20% of its value, from the most central to the most
peripheral bins, for the dE/dx and Kink methods and by
70% for the K0

S method.
Figure 1 shows the transverse mass spectra for the

invariant yields of K+, K−, and K0
S , where m⊥ ≡

√

p2
⊥

+ m2 and m is the kaon mass. The errors shown
for the dE/dx method are the quadratic sum of the sta-
tistical and point-to-point systematic errors. The errors
shown for Kink and K0

S methods are statistical only. The
overall systematic errors are estimated to be 5%, 10%,
and 10% for dE/dx, Kink, and K0

S methods, respectively;
they are uncorrelated among the three analyses. An ad-
ditional 5% systematic error, due to uncertainties in our
MC determination of the efficiencies, applies to all three
analyses. Figure 1(c) compares K0

S spectra to the aver-
aged charged kaon spectra from the Kink method. As
isospin asymmetry is negligible at mid-rapidity [17], the
primordial K0

S yield is most likely equal to the average of
the primordial charged kaon yields. However, our mea-
surements include decay products of φ mesons which de-
cay into charged kaons and neutral kaons with different
branching ratios. The effect is estimated using the mea-
sured φ spectra [18] to be 1-3% between the measured
charged and neutral kaons in the 0.2 < p⊥ < 1.0 GeV/c
range.

The kaon spectra exhibit an exponential shape in m⊥.
We fit the spectra of charged kaons (combined from
dE/dx and Kink) and K0

S , respectively, to an m⊥ ex-
ponential with the inverse slope, T , and the integrated
rapidity density, dN/dy, as free parameters. The fit re-
sults are shown as solid lines in Fig. 1. The fit param-
eters are listed in Table I together with dNh−/dη, the
negative hadron multiplicity within |η| < 0.5 [11]. Sys-
tematic errors on dN/dy and T are both about 8% for
charged kaons, and 10% and 6%, respectively, for K0

S.
The systematic errors are partially correlated between
K+ and K−. An additional 5% systematic error applies

to the dN/dy and it is correlated between all three par-
ticle species.
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FIG. 2: The centrality dependence of (a) kaon inverse
slopes and (b) mid-rapidity kaon to negative hadron ra-
tios. The error bars are uncorrelated random errors; cor-
related systematic errors are indicated by the shaded ar-
eas. An additional systematic error (not shown) of 5%
and 7% apply to the dN/dy of kaons and dNh−/dη, re-
spectively. For clarity the K+ and K0

S points are dis-
placed in dNh−/dη.

Figure 2(a) shows T as a function of dNh−/dη. No
difference is observed between the K+, K− and K0

S .
There is an indication of a systematic increase in T from
∼240 MeV in the most peripheral collisions to ∼280 MeV
in the most central collisions. For comparison, the kaon
inverse slope is about 240 MeV for central heavy ion colli-
sions at the SPS (

√
s
NN

≈ 17 GeV) [8, 9, 19] and 200 MeV
at the AGS (

√
s
NN

≈ 5 GeV) [5, 6]. Note, however, that
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inverse slopes may measure a combined effect of ther-
mal temperature and transverse radial flow [19] and the
larger T values suggest stronger radial flow at RHIC ener-
gies. For the most central collisions, the measured kaon
T is smaller than that of the lambda and the lambda
dN/dy [20] is about 1/3 of the kaon dN/dy. As a result,
the lambda yield approaches, and may even exceed the
kaon yield for p⊥

>
∼ 1.5 GeV/c. A similar behaviour was

observed for non-strange particles (pion and proton) in a
similar p⊥ region [21].

Figure 2(b) shows the ratio of kaon dN/dy to dNh−/dη
as a function of dNh−/dη. No strong centrality depen-
dence is observed for the ratios, suggesting no significant
change in strangeness production mechanisms from pe-
ripheral to central collisions at this RHIC energy. In
contrast, kaon production at lower AGS and SPS en-
ergies roughly doubles from peripheral to central colli-
sions [5, 8]. On the other hand, the K+/K− ratio re-
mains constant as a function of centrality at all ener-
gies [5, 8, 22].

K/π ratios are often used to study strangeness pro-
duction enhancement. In order to evaluate K/π, we
deduce the mid-rapidity pion dNπ−/dy in central colli-
sions from our measurements of negative hadrons [11],
antiprotons [12] and K− spectra. The deduced mid-
rapidity value is dNπ−/dy = 287 ± 20, consistent
with our preliminary measurement of pion spectra cited
in [23]. For the most central collisions, K+/π− =
0.161± 0.002(stat) ± 0.024(syst) and K−/π− = 0.146 ±
0.002(stat) ± 0.022(syst). The systematic errors are a
quadratic sum of those on the kaon and the pion dN/dy.
Figure 3 is a compilation of K/π results for central
heavy ion collisions. Since mid-rapidity π+/π− ≈ 1 at
RHIC [17], we can readily compare our K+/π− results
to K+/π+ results from lower energies. The K−/π ratio
steadily increases with

√
s
NN

, while the K+/π ratio in
heavy ion collisions sharply increases at low energies and
the maximum value of K+/π+ occurs at

√
s
NN

∼ 10 GeV.
This value is determined by the interplay between the
dropping net-baryon density with

√
s
NN

and an increas-

ing KK pair production rate, as previously noted (e.g.
in [22, 24]).

Figure 3 also shows parameterized p+p data (curves)
and data from p+p [25] and p+p [26] at higher ener-
gies. Our measurement indicates a 50% enhancement
over (K+ +K−)/2〈π〉 in p+p and p+p collisions at simi-
lar energies. The enhancement in K−/π is similar at SPS
and RHIC, while that in K+/π is larger at lower energies
due to the effect of a changing net-baryon density.

In conclusion, we have reported invariant yield trans-
verse mass spectra and multiplicity densities of charged
and neutral kaons at mid-rapidity in Au+Au collisions
at

√
s
NN

=130 GeV at RHIC. The spectra are described
by an exponential in transverse mass. The inverse slope
parameters are found to increase slightly with collision

0
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FIG. 3: Mid-rapidity K/π ratios versus
√

s
NN

. The
curves are parameterizations to p+p data [25]. The error
bars show statistical errors. The systematic errors on the
STAR data are indicated by the caps. The STAR K+/π
point is displaced in

√
s
NN

for clarity.

centrality, with a value of about 280 MeV in central
collisions. No strong centrality dependence is found in
the ratio of kaon rapidity densities to negative hadron
pseudo-rapidity densities. For the most central colli-
sions, the mid-rapidity kaon to pion ratios are K+/π− =
0.161± 0.002(stat) ± 0.024(syst) and K−/π− = 0.146 ±
0.002(stat)±0.022(syst). For central heavy ion collisions,
the K+/π ratio is found to increase rapidly with the col-
lision energy and then to decrease, while the K−/π ratio
increases steadily. This behavior is consistent with the
increasing pair production rate as the collision energy
increases, and the decreasing net-baryon density at mid-
rapidity. The measured K/π ratios at RHIC show an
enhancement of about 50% over p+p and p+p collisions
at similar energies.
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